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PREFACE. 



It has been the custom for a number of years past in my 
own classes, that not only the special students in chemis- 
try, but also those, who pursue the study of chemistry 
as a part of other courses, take a course in qualitative 
analysis in connection with the usual class work in ele- 
mentary chemistry. To meet the wants of the latter 
.class of students especially, the work embraced in the 
following pages has been laid down. Special students in 
' chemistry will naturally supply themselves with the 
elaborate and standard works of Fresenius, Douglas and 
Prescott, &c., and will necessarily become acquainted in 
their advanced work with the reactions and chemical 

substances here omitted. 

H. A. W. 
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GENERA! INSTRUCTIONS. 



The student begins with the bases of Group I, and 
makes the tests as laid down for each metal. After each 
test is made, the reaction, which takes place, is carefully 
expressed in writing, using the symbols or formulae of 
the substances employed. When the tests for the whole 
group have thus been made, a number of unknown sub- 
stances, containing only * the metals of the group are 
furnished the student, and he proceeds to determine the 
respective base of each substance by following the in- 
structions given in the "Table for Testing," and reports 
the results to the instructor. 

Next he receives a solution containing all. the bases of 
the group, and separates them according to the directions 
given for the " Separation of the Group.'* 

The other groups are then taken up in their proper 
order and treated in a similar manner. Those substances 
which are not contained in the list of desk chemicals are 
supplied from the store room. 

The tests for the acids are next made, the reactions 
being written out as in the case of the bases, after which 
the analysis of substances is taken up. 

The first twenty substances are simple salts, and are 
^elected so as to give as wide a range as possible both in 
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LABEL. 



STRENGTH OF SOLU- 
TION. 



Con. H2SO4 


Commercial. 


Dil. H2SO4 


1—8 C. P. 


Con. HNO3 


. . 0. X . 


Dil. HNO3 


1 2 C. P. 


Con. HCl 


. . 0. ir. 


Dil. HCl 


1_4 c. P. 


NH4HO 


. . • 0. Jr. 


NaHO 


1—5 


Na^COa 


1—3 


NH4CI 


1 10 


(NH4),C03 


1 10 


(NH4)2CA 


1 24 


(NH4)2S 
IIC2H3O2 
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Commercial. 


Na^HPO, 


1 10 


BaCl, 


1 10 


Ba(NOa), 


1 12 ^ 


CaS04 


Saturated Sol 


CaClj 


1 10 


MgSOi 


1 10 


FesCl, 


1—20 


KjFeCy, 


1—10 


K,FeCy. 


1—20 


K^CrA 


1 10 


Pb(0,H,0,)» 


1 10 


Pt<Jl4 


1 20 


AgNO, 


1 20 


Co(NOs), 


1 20 


HgCl, 


1 20 
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NaaCOg 

NaCaHgOs 

Na2B40, 

KNOa 

FeS 

H2C4H4O6 
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TABLE I. 

QUANTIVALENCE OF ELEMENT^. 





MONADS 


DYAD8. 


TRIADS. 


. tetrads: 


^Jnn .^^<34'.o 1 a 


H 
CI 
Br 
I 
F 




s . 


N 
P 
B 

As 


C 

Si 


X^ LFIl' JLUC l/aUSt 


Ca 
Ba 
Sr 
Mg 
Fe 
(as feriDus) 
Zn ■ 
Mn 
Co 
Ni 
Pb 

^® 
Cu 

Cd 

Pt 

(asplatinous) 

Sn 
(as stannous) 


Al 
Cr 




Sb 
Bi 

Au 


9 


K 

Na 

NH4 

Ag 


1: x3 

(as ferric) 

Pt 
(as platinic) 

Sn 
(as atannic) 



TABLE II. 

BASICITY OF ACIDS. 



MONOBASIC 


DIBASIC. 


TRIBASIC. 


TETRABASIC. 


HCl 


H.S 


H3#04 


h;pa 


HBr 


H,CO, 


H3\S04 


H4Si04 


HI 


H,S04 


HglsOa 


H4FeCy, 


HF 


H,SO, 


HaFeCy, 




HCy 


H2S2O3 


H3BO3 




HNO3 


II2C2O4 






HNO2 


HfiiH^O^ 






HCIO3 








HC2H3O2 








HCyS 









QUALITATIVE ANALYSIS. 9 

GROUP I. 

METALS OF THE ALKAI.IES. 

Potassium K=39.1. 

Sodium Na^23. 

Ammonium NH4=18 

POTASSIUM. 

1. To a solution of any salt of potassium in a porce- 
lain dish, add PtCl4 and a few drops of HCl and evapo- 
rate to dryness on a water bath. Then add a little H9O 
and a yellow crystalline precipitate of the double chloride 
of potassium and platinum 2KC1. PtC4 will remain. 

If the potassium salt is KCl the HCl may be omitted. 

2. To a solution of a salt of potassium in a test tube 
add a Httle NaHO, then add a strong solution of tartaric 
acid H8C4H4O6 to an add rea/ctiony and a white crystalline 
precipitate of potassium hydrogen tartartrate KHC4H4O6 
will be found. 

If the potassium compound be KHO or K^OOs the 
NaHO may be omitted. 

If the solution is dilute and warm, the precipitate will 
not be formed immediately, and if very dilute will not 
be formed at all. Violent shaking aids the precipitation. 

3. Compounds of potassium, when introduced into 
the flame of a Bunsen burner, on a platinum wire, es- 
pecially after being moistened with HCl, color the same 
violet {characteristic teat). 

4. In the spectrum this flame reveals two character- 
istic lines, one bright line in the red and a fainter one iu 
the violet portion of the spectrum [characteristic test), 

SODIUM. 

6. All compounds of sodium, when introduced into 
the flame of a Bunsen burner, color the same intenseli/ 
yellow (characteristic test) . 
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10 QTJALITATIVE ANALYSIS. 

6. The spectrum of sodmm consists of one bright 
yellow line near the center of the spectrum {cjiaracter- 
istic test), 

AMMONIUM, 

7. Place a small quantity of a solution of any salt of 
ammonium, or of the solid salt with a few drops of HgO, 
into a porcelain mortar and triturate thoroughly with 
CaHgOa, and NHg will be evolved, which may be recog- 
nized by its characteristic odor; by the vapor turning 
reddened litmus paper blue; and by forming white fumes, 
when an abject moistened with a volatile acid (HCl, 
HNOg, HC2H3O2) is brought near the mixture {character- 
istic test). 

These white fumes are caused by the production of 
solid salts of ammonium formed by the combination of 
the gases. 

8. Put into a test tube some solid salt of ammonium 
or ft solution, add NaHO and boil ; NHg will be evolved, 
which may be determined by the reactions mentioned in 
7' {characteristic test.) 

9. To a solution of any salt of ammonium in a por- 
celain dish add PtCl4 and a few drops of HCl, and 
evaporate to dryness on a water bath. On the addition 
of a little HgO a yellow crystalline precipitate of 
2NH4ClPtCl4 will remain, which resembles in its physical 
properties the corresponding potassium compound. 

10. To a solution of a salt of ammonium add a little 
NaHO, then a strong solution of H2C4H40e to an acid re- 
action, and a white crystalline precipitate of NH4HC4H4 
Oe will be produced. In case NHg or (NH4)2C03 is em- 
ployed in making this test the NaHO may be oinitted. 

In dilute and warm solutions this precipitate is formed 
only on standing for some time, and if the solutions are 
;t<5o: dilute no precipitate whatever occurs. 
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QUALITATIVE ANALYSIS. 11 

SCHEME I. 

TESTING FOR METALS OF GROUP I. 

1. With a portion of the substance test for ammonium 
according to 7 or 8. 

Note: It is necessary to test for ammonium first, since 
a contamination of sodium or the faint violet color pro- 
duced by ammonium salts in the flame may mislead the 
beginner. 

2. Test for potassium according to 3 and 4, 

3. Test for sodium according to 5 and 6. 

SEPARATION OF GROUP I. 

1. Evaporate the solution containing a mixture of 
this group to dryness in a porcelain crucible, and ignite 
till no more fumes are given off. 

Volatilized : ^H, 

2. Dissolve residue in a little water, transfer to a 
porcelain dish, add excess of PtCl4 and a little HCl, and 
evaporate to dryness on a water bath. Then add a little 
water and filter. 

Filter contains K 

Solution Na 

GEOUP n. (NH4)2C08 GROUP. 

METALS OF THE ALKALINE EARTHS. 

Barium Ba=137 

Strontium Sr=87.6 . 

Calcium Ca=40 

Magnesium Mg=24 

Note: Ammonium carbonate (NH4)2C08 precipitates 
all the metals of this group, and is called the group re- 
agent. The precipitation of magnesium is prevented hy 
the presence of ammonium chloride. 
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BABIUIC 

11. To a solution of a bariom salt in a test tube add 
ammonium carbonate (NH4)2C08, and a white precipitate 
of barium carbonate BaCOs will be formed. The other 
alkaline* carbonates deport themselves in a similar man- 
ner with barium salts. 

12. To a solution of a barium salt add ammonium 
oxalate (NH4)8C204, and a white precipitate of barium 
oxalate J3aC204 will be produced, which is soluble in 
HNO, and HCl. 

13. To a solution -of any salt of barium add Hj SO4, 
and a white precipitate of barium sulphate BaS04 will be 
formed. 

14. To a solution of a barium salt add potassium 
dichromate KgCraOr, and a yellow precipitate of barium 
chromate BaCrOr will be formed, which is soluble in 
HNOs and in HCl. 

15. To a solution of a barium salt add sodium hydro- 
gen phosphate Na8HP04, and a white precipitate of 
barium hydrogen phosphate BaHP04 will be produced, 
^soluble in acids. 

16. The compounds of barium, when introduced into 
the flame of a Bunseu burner, especially after being 
moistened with HCl, impart to it a yellowish green colorN 
{characteristic test). 

17. The spectrum of the barium flame reveals a series 
of bright lines in the green, one bright line in the yellow 
and fainter ones in the orange {characteristic test). 

STRONTIUM. 

18. To a solution of a strontium salt add (NH4)3C08, 
and a white precipitate of SrOOg will result. In the 
place of (KH4)3C03 any other alkaline carbonate may be 
employed. 

19. To a solution of a strontium salt add (NH4)2C204 
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and a white precipitate of S)r0sO4 will be formed, which 
is soluble in HNO. and HCL 

20. To a solution of a salt of strontiam add diU 
H9SO4 or any soluble sulphate as Mg SO4, and a white 
precipitate of SrS04 will be produced. 

Note: Strontium salts are evidently not precipitated 
by a saturated solution of SrS04 — distinction from barium^ 
A saturated solution of calcium sulphate Ca SO4 precipi- 
tates solutions of strontium salts only after a little time 
— distinction from barium. 

21 To a solution of a salt of strontium add Na3HP04^ 
and a white precipitate of SrHP04 will be formed, soluble 
in acids. 

22. Strontium salts, especially after being moistened 
with HCl, impart to the flame a crimson color {character- 
istic test), 

23. The spectrum of the strontium flame shows a 
series of bright lines in the red and orange and one bright 
line in the blue {characteristic test). 

CALCIUM. 

24 To a solution of a calcium salt add (NH4)sC08, or 
any other alkaline carbonate, and a white precipitate of 
calcium carbonate Ca Cog will be formed. 

25. To a solution of a calcium salt add (NH4)3C904 
and a white precipitate of CaCa04 will be formed, which 
is soluble in HNO3 and HCL 

26. To a solution of a calcium salt — ^not too dilute — 
add dil. H8SO4 or a soluble sulphate as MgS04, and a 
white precipitate of CaS04 will be produced. 

Note: Salts of calcium are evidently not precipitated 
by a saturated solution of CaS04 — dvftinctionfrom Imrium 
and strontium, 

27. To a solution of a calcium salt add Na2HP04, and 
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a white precipitate of CaHP04 will be produced, which 
is soluble in acids. 

28. Calcium salts especially after being moistened 
with HCl color the ^ame yellowish red (characteristic test]. 

29. The spectrum of the calcium flame reveals, besides 
some faint lines in the orange, yellow and violet, one 
bright orange line just to the left, and one bright green 
line just to the right of the sodium line [characteristic 
^si]. 

MAGNESIUM. 

30. To a solution of a magnesium salt — ^not too di- 
lute — add (NH4]2C03, and a white precipitate of [NH4]8 
Mg2C03 will be formed. It may require some time be- 
fore the precipitate separates. NH4CI prevents the pre- 
<3ipitation except in highly concentrated solutions. 

31. To a solution of a magnesium salt add NagCOs, 
and a white precipitate of basic magnesium carbonate 
4MgC03+Mg[HOJ2 wiU be produced. NH4CI prevents 
the formation of this precipitate. 

32. To a solution of a magnesium salt add sodium 
hydroxide NaHO, and a white precipitate of magnesium 
hydroxide Mg[H0]2 will be formed. 

33^. To a solution of a magnesium salt add NH4HO, 
and one-half of the magnesium will be precipitated as 
Mg[H0]2, while the other half remains in solution in the 
form of an ammonium magnesium salt. 

34. To a solution of a magnesium salt add Na2HP04, 
and a white precipitate of MgHP04 will be formed, which 
is soluble in free acids. 

35. To a solution of a magnesium salt add NH4CI, 
NH4HO and (NH4)2C08 — no precipitate will be formed — 
then add Na2HP04, and a white precipitate of magnesium 
ammonium phosphate MgNH4P04 will be produced 
(characteristic test). 
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SCHEME n. 

TESTING FOR METALS OF GROUP II. 

1. Test for barium according to 16 and 17. 

2. " " strontium " " 22 and 23. 
3.' " ** calcium " " 28 and 29. 
4. " " magnesium " " -35 

# 

SEPARATION OF GROUP II. 

1. To a solution of this group add NH4C1,NH4H0 and 
finally (NH4)2C03 in excess, i. e. : until the farther addi- 
tion of (NH4)2CQ| no longer produces a precipitate, then 
heat to boiling and filter. 

Solution contains Mg. 

The presence of Mg. may be verified by the addition 
of Na«HP04 (see 35). 

2. Dissolve the above precipitate consisting of BaCOs, 
SrCOg and CaCOg by adding acetic acid HC2H3O2 to the 
filter, dilute with H2O and finally add potassium dichro- 
mate K2Cr207 in excess and filter. 

Filter contains Ba. 

3. To the filtrate obtained above add (NH4)2C03 in 
excess, heat to boiling and filter. Reject filtrate. Dis- 
solve the precipitate in the smallest possible quantity of 
HC2H3O2 and to the solution add a sufficient quantity 
(2 or 3 oz.) of a solution of potassium sulphate K2SO4 
(1:200). Allow to stund 24 hours and filter. 

Filter contains Sr 

Solution Ca 

Note : By employing a solution of K2SO4 of the above 

strength there will be no danger of precipitating any of 

the calcium as CaS04. 
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GROUP m. (NH4),S GROUP. 

MBTALS, WHOSE SULPHIDES ABE SOLUBLE IN DILUTE ACIDS BUT 

INSOLUBLE IN WATEB. 

Zinc Zn =65. 

Alutninum Al =27.4. 

Manganese '. Mn=55^ 

Iron Fe =66. 

Cobalt Co =58.8. 

Nickel Ni =58.8. • 

Chrominum Cr =62.5. 

Note : All the above metals are precipitated from 
neutral or alkaline solutions by ammonium sulphide 
(NH4)9S, and consequently are separated by this means 
from Groups I and 11. Aluminum and chromium are 
precipitated as hydroxides. 

ZINC. 

36. To a solution of a zinc salt add (NH4),S, and a 
white precipitate of zinc sulphide ZnS will be produced. 

37. To a solution of a zinc salt cautiously add any 
alkaline hydroxide as NaHO or NH4HO, and a whUe 
gelatinous precipitate of zinc hydroxide Zn(HO)s will be 
formed. This precipitate re dissolves completely on add- 
ing an excess of the precipitant. 

38. To a solution of a zinc salt add NagCOsy and a 
white precipitate of basic carbonate of zinc 3Zn(HO)s2Zn 
CO3 will be produced. 

39. Moisten a small quantity of any compound of 
zinc on charcoal with a solution of Co2N08, and heat be- 
fore the blowpipe, and the mass will assume a beautiful 
green color on cooling (characteruitic test). The green 
mass is a compound of the two oxides of zinc and cobalt 
[Rinmau's green]. 
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ALUMINUM. 

40. To a solution of any salt of aluminum add 
fNHJgS, and a white gelatinous precipitate of aluminum 
hydroxide Al2[HO]6 will be formed, while at the same 
time HjS is evolved. 

41. To a solution of a salt of aluminum add a fixed 
alkaline hydroxide as NaHO andAl2[HO]6 will be pre- 
cipitated, which is readily soluble in an excess of reagent. 

42. To a solution of a salt of aluminum add NH4HO, 
and Al8[HOj6 will be precipitated, which is difficultly 
soluble in a large excess of the reagent. 

43. To a solution of a salt of aluminum add NasCO), 
and A]8[HO]6 will be formed with evolution of CO,. 

.44. Ignite on charcoal before the blowpipe alumina 
or any compound of aluminum, then moisten with a so- 
lution of Co2NOg and again ignite, and a beautiful blue 
mass will be obtained [characteristic test] . This blue mass 
is a combination of the two oxides of aluminum and co- 
balt (Thenard's blue]. 

MANGANESE. 

Note : In the ordinary course of analysis manganese 
is always in the form of manganous salts. 

The black manganese dioxide MnOs, the brown man- 
ganic oxide MujOa and the red manganous manganic 
.oxide Mn304 all dissolve in hot HCl to manganous chloride 
MnOls with the evolution of chlorine gas. 

45. To a solution of a manganous salt add [NH4],S, 
and a light, flesh-colored precipitate of manganous sul- 
phide MnS will be formed. 

46. To a solution of a manganous salt add any alka- 
lijie hydroxide as NaHO or NH4HO, and a whitish pre- 
cipitate of manganous hydroxide Mn[H0]8 will be formed. 
This precipitate rapidly assumes a brown color owing to 

2 
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the absorption of oxygen from the air and the formation 
of manganic hydroxide. 

47. To a solution of a manganous salt add NasCOg, 
and a white precipitate of manganoiLs carbonate MnCOt 
will be produced. Like the hydroxide this precipitate 
rapidly turns brown on exposure to the air. 

48. Heat to fusion on a platinum foil a small quantity 
of any compound of manganese with some dry alkaline 

'carbonate as NagCOs and an oxidizing agent as KNO„ 
and the fused mass will assume a bright green color [char- 
acteristic test]. The green color is due to the oxidation 
of the mauganese to sodium manganate Na,MN04. 

49. Compounds of manganese form with borax in the 
outer or oxidizing flame of the blowpipe a bead, which is 
violet while hot and amethyst-red when cold [characteristic 
test]. If the bead is highly saturated with manganese it 
appears black. 

Note : To make the borax bead, bend a smaU loop at 
the end of a platinum wire, heat it to redness and while 
hot plunge it into some pulverized borax. Enough bo- 
rax for the purpose will readily adhere to the wire. 
Heat the borax before the blowpipe or in the flame of a 
Bunsen burner until it fuses quietly, when a clear, color- 
less bead should be obtained. With the hot bead take 
up a minute quantity of the substance to be tested, and 
heat in the oxidizing or reducing flame as directed, until 
it is completely dissolved. If the color of the bead is too 
light, add a fresh portion of the substance and fuse 
again. The substance to be tested should be either in 
the form of a powder or a precipitate. 

IBON. 

Note: Iron is met with in the course of analvsis in 
two distinct series of compounds, viz. : 



QUALITATIVE ANALYSIS. 19 

1. Ferrous compounds, and 

2. Feme compounds. 

Ferrous compounds are converted into ferric com- 
pounds by exposure to the air, or more rapidly by oxy- 
dizing agents as HNOt, CI, Br. &c. 

Ferric compounds are converted into ferrous com- 
pounds by reducing assents as H^S, (NH4)2S, &c. 

Hence if iron is found in the course of analysis, the 
original substance must be employed to determine 
whether it exists in the ferrous or ferric condition or 
both. 

FEBB0U9» COMPOUNDS. 

50. To a solution of a ferrous salt add (NH4)9S, and 
a black precipitate of ferroiLS sulphide FeS will be formed. 

61. To a solution of a ferrous salt add any alkaline 
hydroxide as NaHO or NH4HO, and a white precipitate 
of ferrous hydroxide 'Fe{H.O)imll be formed. This pre- 
cipitate rapidly absorbs oxygen from the air and assumes 
a greenish and finally a reddish brown color. If the so- 
lution of the ferrous salt itself has undergone partial 
oxidation the precipitate will of course be discolored 
when foimed. 

52. To a solution of a ferrous salt add potassium fer- 
rocyanide, and B,light blu£i>reci]^iia,teot potassium ferroUrS 
/errocyanide KjFeCfy will be formed, which on exposure 
to the air or more rapidly by the action of oxidizing 
agents converted into the dark Uue ferric ferrocyanide, 
FejCfyz (Prussian blue). 

53. To a solution of a ferrous salt add potassium ferri- 
cyanide K^Cfy, and a dark blue precipitate ot ferrous 
ferricyanide FcjCfyj will be produced {characteristic test). 

In color this precipitate can not' be distinguished 
from Prussian blue. 

54. Borax dissolves all compounds of iron in the oxi- 
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dizing flame forming beads, which according to the de- 
gree of saturation are yellow to dark red while hot, and 
colorless to reddish yellow when cold. In the reducing 
flame these beads become colorless or, when strongly 
saturated, bottle green owing to the reduction of the ferric 
oxide to ferrous oxide. 

FERRIC COMPOUNDS. 

55. To a solution of a ferric salt add (NH4)8S and a 
black precipitate of ferrous sulphide FeS will be formed 
mixed with free sulphur. 

56. To a solution of a f«rric salt add any alkaline 
hydroxide as NaHO or NH4HO, and a reddish brown pre- 
cipitate of ferric hydroxide Fe9(H0)e will be produced. 

57. To a solution of a ferric salt add K4Cfy, and a 
dark blue precipitate of ferric ferrocyanide Fe4piji (Prus- 
sian blue) will be produced {characteristic test), 

58. To a solution of a ferric salt add a soluble sulpho- 
cyanide as KCyS, and a blood-red coloration will be pro- 
duced, owing to the formation ol ferric svJphocyanide 
Fej(CyS)6 {characteristic test). The odIot is destroyed by 
the addition of mercuric chloride, as well as of phos- 
phates, acetates, oxalates, tartrates, borates, or their cor- 
responding acids. 

59. With borax beads ferric compounds behave just 
as ferrous compounds (See 64). 

COBALT. 

60. To a solution of a cobalt salt add (NH4)sS, and 
a black precipitate of cobalt sulphide CoS will be formed. 
This precipitate is almost insoluble in acetic acid and in 
dilute HGl; bat readily soluble in HNOg and in niiro- 
hydrochloric acid. 

61. To a solution of a cobalt salt add a fixed alkaHne 
hydroxide as NaHO, and a blue basic salt of cobalt will 
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be formed, which on boiling is changed to the pale red 
cobalt hydroxide Co(HO)2. This precipitate is usually 
more or less discolored, owing to absorption of oxygen 
from the air and the formation of a higher oxide of 
cobalt. 

62. To a solution of a cobalt salt add NH4HO, and 
Co(HO)8 will be produced. This precipitate is soluble in 
excess of ammonia forming a reddish-brown solction. 
Solutions containing free acids are not precipitated by 
NH4HO owing to the solubility of cobalt hydroxide in am- 
monium salts. 

63. To a solution of a cobalt salt add potassium nitrite 
KNOs in excess, then add acetic acid till the precipitate 
first formed is re-dissolved and the solution is strongly 
acid; heat gently, and a yellow crystalline precipitate of 
potassium cobaUic nitrite 6KNO2, Co208(N808)9 will be 
formed. In very dilute solutions the precipitate separ- 
ates only after some time. 

64. With borax compounds of cobalt form beautiful 
blue beads both in the outer and inner flame of the blow 
pipe {characteristic test), 

NICKEL. 

«* 

65. To a solution of a salt of nickel add (NH4)3S, and 
a Uaclc precipitate of nickel sulphide NiS will be produced. 
This compound is slightly soluble in (NH4)2S, especially 
if free ammonia is present, and hence the liquid from 
which the NiS separates is usually colored brownish. 
NiS is insoluble in acetic acid and in dilute HCl; but 
readily soluble in HNO3 ^^^ ii^ nitro-hydrochloric acid, 

66. To a solution of a nickel salt add a fixed alka- 
line hydroxide as NaHO, and an apple green precipitate of 
nickel hydroxide Ni(H0)9 will be formed. 

67. To a solution of a nickel salt add NH4HO car^ully, 
and a slight precipitate of Ni(HO)j will be formed, which 
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readily dissolves on a farther addition of ammonia form- 
ing a blue solution. 

68. Borax dissolyes compounds of nickel in the oxi- 
dizing flame forming a clear bead which is violet while 
hot, and reddish-brown when cold. When held in the 
reducing flame this bead becomes gray and opake, owing 
to the reduction of the nickel oxide to metallic nickel 
{characteristic tes^), 

GHBOMIUM. 

Note : This metal forms two series of compounds* in 
one of which, the chromic compounds, it constitutes the 
base, and in the other, the chromates, it constitutes the 
acid. 

Oxidizing agents as CL Br, KNOs, &c., under the prop- 
er conditions, readily convert chromic compounds into 
chromates. Keducing agents as HsS,HsS08,&c., es- 
pecially in acid solution, rapidly change chromates into 
chromic compounds. Hence in the ordinary course of 
analysis, even when this metal occurs in the form of 
chromic acid or chromates, it will always be found as a 
base in the (NH4)sS group. 

69. To a solution of a chromic salt add (NH4)9S and 
a greenish precipitate of chromium hydroxide Ci 9(H0)t 
will be formed, while at the same time H^S is evolved. 

70. To a solution of a chromic salt add a flxed alka- 
line hydroxide as NaHO, and Cr8(H0)e will be precipita- 
ted which readily dissolves in an excess of the reagent in 
the cold forming a green solution, und is reprecipitated 
on boihng. 

71. - To a solution of a chromic salt add NH4HO, and 
Cr8(HO)6 will be precipitated, which is only sUgbtly 
soluable in excess of ammonia and imparts to the super- 
natant Uquid a pink-red color. On boiling the precipi- 
tation is complete. 
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72. Heat to fusion on a platinum foil a small quantity 

of a chromic compound with NajCOg and KNOs, and the 
fused mass will acquire a yeUow color owing to the pro- 
duction of the yellow sodium chromaJte Na,Cr04 {charae- 
teristic test). The presence of chromic acid may be con- 
firmed by dissolying the fused mass in water, acidifying 
with acetic acid HCsHjOt and adding lead acetate Pb(Oi 
HsOj)i, when a yellow precipitate of lead chromaJte PbCr04 
will be formed. 

73. Borax dissolves all compounds of chromium both 
in the oxidizing and the reducing flame of the blowpipe^ 
forming beads, which are ydloudsh-green, while hot and 

emerald-green when cold {characteristic test), 

» 

SCHEME in. 

TESTING FOB METALS OF GBOUP til. 

Reserve a small portion of the substance for dry tests 
and dissolve the remainder in HCl, if it is not soluble in 
HtO. To a portion of the solution add NH4HO and 
(NH4)9S ; the precipitate is either black or light. 

BLACK. 



PeS 



CoS 



NiS 



Test original solution for ferrous salts with 
K,Cfy (53). 



Test original solution for ferric salts with K4 
Cfy (57). 



Blue borax bead (64). 



Brown borax bead (68). 
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LIGHT. 



Al,(HO)e white 
Zn S white 

Crj(H0)6 green 



MnS flesh- 
colored 



Blue mass on charcoal with Co (NO.), 
(44). 



Green mass on charcoal with Co (NO.), 
(39). 



Green borax bead (73) or yellow mass 
on platinum foil with NajCOj and 
KM3NO (72). 



Amethyst red bead (49) or green mass 
on platinum foil with NajCOs and 
KNO3 (48). 



SEPARATION OF GROUP lU. 

1. — To a solution of the metals of this group add 
UH4HO and (NH4)2S in excess, filter and wash. Beject 
filtrate. Perforate the filter with a glass rod, and wash 
the precipitate into a beaker ; then add dilate HCI in 
excess and ^\ter— preserve filtrate (A). Wash the black 
residue of CoS and NiS on filter once or twice with H,0 
— ^reject washings. Perforate the filter, wash residue 
into a porcelain dish, add concentrated HNO3 and evap- 
orate to dryness on a water bath. Dissolve residue in a 
little HjO, add KNO, freely, and then HCsHsOj to a 
strongly acid reaction. Warm gently, allow to stand 24 
hours and filter. 



Filter contains Go. 

The precipitate on filter is 
bright yellow. 

Confirm presence of co- 
balt by bead test (64). 



Filtrate contains Nt. 

Confirm presence of 
nickel by adding NaHO, 
which gives the character- 
istic apple-greon precipi- 



tate of Ni(H0)8. 

2.— To the filtrate (A) add NagCO, till, ^fter stirring 
thoroughly, a slight precipitate remains, then add 8 or 
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Precipitate (B) on filter 
contains Fe, Al, Mn and 
Zn. 



10 drops of bromine and heat on a saixd bath, at the 
eame time keeping the solution neutral by frequent ad* 
ditions of NasCOg in small quantities. Finally add 
NajCOs in excess, boil for a few minutes to expel the last 
traces of bromine and filter. 

Filtrate contains Or. in the 
form of Na^CrOi, coloring 
the solution yellow. Con- 
firm by acidifying with 
HCjHgOaand adding Pb(C8Hs 
02)8 which yields the yellow 
precipitate of PbCr04. 

3. — ^Wash the precipitate (B) into a beaker, add Con. 
HCl and heat until the precipitate is entirely dissolved, 
dilute with water, add NagCOg until a slight precipitate 
remains, then a few drops of HCjHgOs and finally NaC«. 
H^Gs in excess. Heat to boiling and filter while hot. 



Precipitate (C) on filter 
contains Fe and Al. 



Filtrate (D) contains Mn 
and Zn. 



4. — Dissolve precipitate (C) in HCl, add NasCOg until 
the free acid is neutralized, i. e. : until the solution just 
begins to turn yellow, then add sodium thiosulphite 
NasSgOg in excess, allow the solution to become colorless, 
boil for half an hour or more and filter. 



Filter contains Al. 
Confirm presence of Al 
by heating on charcoal with 
Co(N08),(44). 



Filtrate contains Fe. 
Confirm presence of iron 
by adding (NH4)8S. 



Note : If on the addition of the NasSjOa the solution 
does not become colorless in a few minutes, or if the pre- 
cipitate is brown (FegOg) instead of white (AlgOg), then 
too much NasCOg has been added. A few drops of HCl 
will remedy the difficulty. 
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6. — ^To filtrate (D) add a few drops of bromine, herft to 
boiling and filter. 



Filter contains iMEn. 

Confirm presence of Mn 
on platinum foil with NagCOg 
and KNOg (48) or by the 
bead test. 



Filtrate contains Zn. 

Confirm the presence 
of Zn by adding (NH4)8S, 
which will precipitate 
white ZnS. This precip- 
itate may be tested farther 
on charcoal with Co(N 
O3), (39). ^ 

GROUP IV. US GROUP. 

METALS, WHOSE SULPHIDES ABE INSOLUBLE IN DILUTE ACIDS, AND 

HENCE ABE PBECIFITATED FBOM ACID SOLUTIONS 

BY HYDBOSULPHUBIO ACID HjS. 

Silver Ag^lOS. 

Lead Pb=207. 

Mercury Hg=200. 

Copper Cu=63.4. 

Cadmium^ Cd=112. 

Bismuth Bi=210. 

Arsenic As=75. 

Antimony Sb=122. 

Tin Sn==118. 

SILVEB. 

74. To a solution of a salt of silver add H9S and a 
black precipitate of sUmr sulphide AgjS will be formed, 
which is insoluble in (NH4)8S, but soluble in boiling 

HNO3. 

75. To a solution of a silver salt add a fixed alkaline 
hydroxide as NaHO, and a light brown precipitate of sH- 
eer oxide Agfi will be produced. 

76. To a solution of a silver salt add NH4HO in smaU 
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quantUy, and Ag,0 will be precipitated, which readily 
dissolves on farther addition of the precipitant. 

77. To a solution of a silver salt add HCl or any 
soluble chloride, and a white precipitate of silver chloride 
AgCl will be produced, which is insoluble in acids, but 
soluble in NH4HO {characleristic test), 

78. Heat before the blowpipe on charcoal with Nft, 
CO, any compound of silver, and bright malleable globules 
of metallic silver will be obtained (charaoteristic test), 

LEAD. 

79. To a solution of a lead salt add HgS, and a black 
precipitate of lead sulphide PbS will be formed, which is 
insoluble in (NH4)2S, but soluble in boiling HNOj. In 
the presence of much HCl the precipitate may at first be 
red, consisting of PbS and PbClj; but un excess of HjS 
converts the whole into black PbS. 

80. To a solution of a lead salt add a fixed alkaline 
* hydroxide as Na HO, au^ a white precipitate of lead 

hydroxide Pb(H0)8 will be formed, which is soluble in 
excess of the precipitant. 

81. To a solution of a lead salt add NH4HO, and 
Pb(H0)8 will be formed, insoluble in excess of the re- 
agent. 

82. To a solution of lead salt, not too dilute, add HCl 
or a soluble chloride, and a white precipitate of lead 
chloride Pb Clj will be produced, which is soluble in hot 
water. 

83. To a solution of a lead salt add H8SO4 or a solu- 
ble sulphate, and a white precipitate of lead sulphate Pb 
SO4 will be formed, slightly soluble in strong HNOs. 

84. To a solution of a l^ad* salt add KjCrjOT, and a 
yeUow precipitate of lead chromate PbCr04 will be pro- 
duced, which is soluble in excess of NaHO {characteristic 
test). 
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85. Heat before the blowpipe on charcoal with Nat 
COs any compound of lead, and soft, malleable globules 
of metallic lead will be obtained {characteristic test), 

MERCURY. 

MuTQury forms two distinct series of compounds, the 
mercurous compounds and the mercuric compounds. 

MERCUROUS COMPOUNDS. 

86. To a solution of mercurous salt and H^S) B.nd a 
black precipitate of mercurous sulphide HgjS will be pro- 
duced, which is insoluble in (NH4)2 S, as well as in boil- 
ing H NOg, but readily soluble in nitro-hydrochlorio acid. 

87. To a solution of a mercurous salt add an alkaline 
hydroxide as NaHO or NH4HO, and a blade precipitate of 
mercurous oxide Hgg O will be formed. 

88. To a solution of mercurous salt add HCl or any 
soluble chloride, and a white precipitate of xnereurous 
chloride HgsCls will be formed. This precipitate turns' 
black when treated with ammonia, but does not dissolve 
{characteristic test), 

89. Introduce into a neutral or slightly acid solution 
of a mercurous salt a clean wire or strip of copper, and in 
a few minutes the copper will be covered with a coating 
of metallic mercury, which on being rubbed with a piece 
of paper or cloth, will assume a silver-white luster. On 
heating the copper, the mercury will be volatilized and 
the coating destroyed. 

MERCURIC COMPOUNDS. 

90. To a solution of a mercuric salt add HjS, and at 
first a white precipitate will be formed, which on farther 
addition of the reagent changes to yellow, then through 
orange to reddish-brown, and finally when HjS is added 
in excess it is converted into the black mercuric sulphide 
HgS. This precipitate is insoluble in (NH4),S as well as 
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in hot HNO3, but is readily dissolved in nitro-hydro- 
chloric acid. The gradual change of <;olor produced by 
HaS is characteristic of mercuric salts. 

91. To a solution of a mercuric salt add a fixed alka- 
line hydroxide as NaHO, and a yellow precipitate of mer- 
curic oxide HgO will be produced. 

92. To a solution of a mercuric salt add NH4HO, and 
a white precipitate will be formed. In the case of mer- 
curic chloride Hg CI2, this white precipitate is mercuram- 
monium chloride (NH8Hg)CL 

93. To a solution of a mercuric salt add stannous 
chloride SnClj, and a white precipitate of mercurous 
chloride Hg^Clj will at first be formed. On farther addi- 
tion of the reagent the precipitate turns grey, owing to 
the separation of metalHc mercury. 

94. Acidulate a solution of a mercuric salt with HCl 
and apply the test with copper as described for mer- 
curous salts, and the same result will be obtained (see 
89) {characteristic test), 

COPPEB. 

95. To a solution of a copper salt add HjS, and a 
black precipitate of copper sulphide CuS will be produced, 
which is insoluble in (NH4)2S, but readily soluble in hot 
HNO,. 

96. To a solution of a copper salt add a fixed alkaline 
hydroxide as NaHO, and a light blue precipitate of copper 
hydroxide CuHjOa will be produced, which on applica- 
cation of heat turns black, owing to the production of 
copper oxide CuO. 

97. To a solution of a copper salt add NH4HO in 
small quantity, and CuHgOj will be precipitated. On 
the addition of NH4HO in excess the precipitate dis- 
solves, forming a deep blue solution {characteristic test), 

98. Into a slightly acid solution of ,a copper salt in- 
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troduoe a clean piece of iron or steel, and in a few min- 
utes it will reeeiTe a red coating of metallic copper 
{characteristic teat), 

99. Metallic copper or any compound of copper 
moistened w;ith HCl, and held in the flame of a Bunses 
burner or a blowpipe, imparts to the flame an emerald 
green color {characteristic test), 

' 100. The borax beads produced by compounds of cop- 
per "in the oxidizing flame of the blowpipe are green 
while hot and blue when cold {characteriststic test). 

CADMIUM. 

101. To a solution of a cadmium salt add HsS, and a 
bright yellow precipitate of cadmium sulphide CdS will be 
formed, insoluble in (^£[4)88 {characteristic test), but so- 
luble in HNOa. 

102. To a solution of a cadmium salt add NH4HO in 
small quantity, and a white precipitate of cadmium hy- 
droxide CdHgOg will be formed, which is readily soluble 
in excess of the reagent, forming a colorless solution. 

BISMUTH. 

108. To a solution of a bismuth salt add H,S and a 
black precipitate of bismuth sulphide BijSg will be formed, 
which is insoluble in (NH4)8S, but soluble in h6t 

HNO3. 

104. To a solution of a bismuth salt add an alkaline 
hydroxide as NaHO or NH4HO and a white precipite of 
bismuth hydroxide Bi(H0)8 will be produced. 

105. To a solution of a bismuth salt add KsCrgO,. 
and a yellow precipitate of basic bismuth chromate Bi80(Cr 
04)5 will be formed, which is soluble in dilute HNO, and 
is distinguished from PbCr04 in being insoluble in ex- 
cess of a fixed alkaline hydroxide as NaHO. 

106. To a solution of a bismuth salt containing not 
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too much free acid, add a large quantity of Ti^ater, and a 
white precipitate of a basic salt of bismuth will be * 
formed (characteriHtic teat ) In" the case of bismuth chlo- 
ride BiCIs this precipitate is bismuth oxychlorideBiOGi, 
Bismuth nitrate Bi(N03)s yields basic nitrate of bismuth 
BiONOa. These precipitates are, readily soluble on ad- 
dition of HCl or HNOg, and are distinguished from the 
corresponding anUmony precipitates^by being insoluble in 
tartaric acid. 

Note : If a small quantity of bismuth is present in a 
large excess of free acid, the latter, which would prevent 
the above mentioned reaction, must be removed, before 
the test is applied. In the case of HCl or HNOs this is 
best accomplished by evaporating the solution on a wa- 
ter bath to a few drops. If the acid is H3SO4, precipi- 
tate the bismuth as Bi(H0)8 with NH4HO, and either 
filter or allow the precipitate to subside and decant the 
supernatant liquid; then dissolve the precipitate in the 
smallest possible quantity of HGl, and the solution will 
be ready for the application of the test. 

107. Heat before the blowpipe on charcoal with Na, 
COa any compound of bismuth, and easily fusible glob- 
ules of metaUic bismuth will be obtained. These glob- 
ules are distinguished from lead in being britile, and from 
antimony by a yellow incrustation of BigOs on the char- 
coal and by the absence of heavy white fumes (character- 
istic teat), 

ABSENIC. 

Arsenic forms two oxides, arsenic trioxide AS9O3, the 
anhydride of arsenious acid HjAsOs, ^^^ arsenic pentox- 
ide Ab^Os, the anhydride of arsenic acid H8ASO4. Both 
of these acids aod their combinations, however, are pre- 
cipitated by HjS in acid solutions, and hence ior the 
sake of convenience arsenic is classed among the bases. 
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ABSENIOUS COMPOUNDS. 

108. Dissolve a small quantity of AsjOj in dilute HCl 
and to the solution add HgS, and a bright yellow precipi- 
tate of arsenic trisvlphide AsgSa will be formed, which is 
soluble in (NH4)jS, as well as in boiling HNO,. 

109. Dissolsre some.AsaOg in water containing a small 
quantity of NaHO, and a solution of sodium arsenite Na, 
AsOg wiU be formed. To a portion o^ this solution add 
AgNOj, and a yellow precipitate of silver arsenite Ag,A80| 
will be formed. This precipitate is readily soluble in 
dilute acids, as well as in NH4HO {diMindionfrom AsgOj). 

110. To another portion of the sodium arsenite solu- 
tion obtained above add a solution of copper sulphate 
CUSO4, and a yellowish green precipitate of copper hy- 
drogen arsenite CuHAsOg will be formed (distinction from 
AssOs). 

111. Place some granulated zinc into a test tube and 
cover it with dilute H8SO4, then add a solution of arse- 
nic trioxide, obtained either according to 108 or 109, and 
gaseous arsenic trihydride AsH, (arsenetted hydrogen) 
will be evolved. Kow cover the mouth of the test tube 
with a piece of filter paper moistened with a solution of 
mercuric chloride HgClj, and in a few moments the pa- 
per will be stained yellow to orange red (characteristic test 
for arsenic). 

Note: This is the most convenient test for distinguish- 
ing between arsenic, antimony and tin. Antimony 
stains the paper grey to black, and tin produces no 
change whatever. 

112. Marsh's Test. — Close the test tube as charged in 
the last experiment with a perforated stopper carrying a 
glass tube bent at right angles and drawn out to a point 
After waiting a few minutes for the air to be expelled, 
ignite the jet of gas, and it will bum with a bluish-whik 
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flame, while at the same time white fumes of AsjOs are 
evolved. In the inner portion of the flame the com- 
bustion is incomplete, and if the lid of a porcelain cru- 
cible or a porcelain dish be held in the flame, black spots 
of metallic arsenic, r.esulting from the decomposition of 
the AsHg, will be deposited upon the surface. These 
spots dissolve readily in a solution of sodium hypochlo- 
rite NaClO, and by this means arsenic-is characterized 
and distinguished from antimony. 

113. Heat on charcoal with NrjCOj some ApjOj or 
any compound of arsenious acid, and a characteristic 
garlic odor will be omitted. 

if 

AESENIO COMPOUNDS. 

Heat a small quantity of A82O3 in a test tube with con- 
centrated HNOs, y-iid a solution of H8ASO4 will be ob- 
tained. Neutrahze this solution with NaHO, and sodi- 
um arsenate Na3A804 will be formed. Employ this so- 
lution for the following testn : 

114. To a portion of the solution add AgNOj, and a 
reddishbrown precipitate of silver arsenate Ag8As04 will 
be produced. This precipitate is readily soluble in 
NH4HO as well as in dilute HNOg, and distinguishes 
arsenic'' acid from arsenious acid (109). 

115. To c^other portion of the Na8A804 solution add 

a solution of CUSO4, and a light blue precipitate of ayp- 

per hydrogen arsenate CuHAs04 will be formed, which 

also distinguishes arsenic acid from arsenious acid 

(110). 

116. To a third portion of the Na8As04 solution add 
NH4CI, NH4HO and MgS04, and a white precipitate of 
magnesium ammonium arsenate MgNHiAs04 wUl be 
formed. 

Note: Arsenic compounds in acid solutions are reduced 

3 
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to arsenious compounds when treated vnth HsS, and 
finally precipitated as arsenic trisulphide AsjSg mixed 
with free sulphur. The precipitation is much slower, 
than that of arsenious compounds, and may be acceler- 
ated by boiling the solution after treating with HjS and 
then adding more. In experiments 111, 112 and 113, 
arsenic compounds behave just as arsenious compounds. 
None of these tests need be repeated. 

ANTIMONY. 

Antimony forms two series of compounds, the respeo- 
tive oxides of which are antimonious oxide SbsOs, which 
plays the part of a base, and arUimonic oxide Sb, Oi, 
which is the anhydride of antimonic acid. 

The tests given below for antimonious componndB 
apply equally weU to antimonic compounds, and hence 
need not be repeated with substances of the latter series. 

ANTIMONIOUS COMPOUNDS. 

117. To a solution of an antimonious salt acidulated 
with HCl add HgS, and an orange red precipitate of anti- 
monious sulphide SbsSs will be formed, which is soluble 
in (NH4)sS as well as in concentrated HGl. 

118. To a neutral or slightly acid solution of an anti- 
monious salt add a large quantity of water, and'^ white 
precipitate of a basic antimonious salt will be formed 
In case of SbCls this precipitate is antimonious oxychloride 
Sb CIO. This precipitate is readily soluble on addition 
of HGl, HNOs or HsS04, and is distinguished from the 
corresponding compound of bismuth by being soluble in 
tartaric acid (see 106). 

Note: Tartrates of antimony or other salts mixed with 
tartaric acid are not precipitated by water, but, if to 
these solutions HOI, HNOs or Hs SO4 be added, the same 
white precipitate mentioned above will be produced. 
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119. Introduce into a test tube some granulated zinc 
and cover it with dilute H,S04, then add a few drops of 
a solution of an antimonious salt, and antimony tnhy- 
dride SbH, will be evolved. Now cover the mouth of 
the test tube with a piece of filter paper moistened with 
a solution of mercuric chloride HgOl,, and in a few 
moments the paper will be stained grey to black (charac- 
teristic test). Compare note under 111. 

120. Marsh's Test. — Close the test tube, as charged 
in the last experiment, with a perforated stopper carry^ 
ing a glass tube bent at right angles and drawn out to a 
point. Wait a few minutes for the air to be expelled, 
then ignite the jet of gas, and it will burn with a bluish 
green tint, while at the same time heavy white fumes of 
antimonious oxide are evolved. Hold into the flame the 
lid of a porcelain crucible or a small porcelain dish, and 
black spots of metallic antimony, resulting from the 
decomposition of the SbHs, will immediately be deposited 
upon the surface. These spots are not at all or very 
slowly removed by a solution of sodium hypochlorite 

■ {characteristic test). Compare arsenic 112. 

121. Heat upon charcoal before the blowpipe with 
NasCOs any compound of an^timony (excepting the sul- 
phides), and brittle globules of metallic aiitimony will be 
formed, which are distinguished from bismuth, by evolv- 
ing heavy white fumes when heated (characteristic test). 

TIN. ■* 

Tin forms two series of compounds, the stannoiis com- 
pounds, among which may be mentioned stannous oxide 
SnO and stannous chloride SnCls, and the stannic com- 
pounds, among which may be mentioned stannic oxide 
SnOs and stannic chloride SnCl^. 
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STANNOUS GOMPOUND& 

122. To a solution of a stannous salt add H,S> and 
a dark hrovm precipitate of stannous sulphide SnS will be 
formed, which is soluble in (NH4)8S. 

123. To a solution of a stannous salt add HgClj in 
excess, and a white precipitate of mercurous chloride 
HggClj will be formed, and the stannous salt will be con- 
verted into a stannic salt. {Distinction from stannic salts,) 
If the stannous salt is in excess the white Hg,Cls at iirst 
formed will be changed to grey metallic Hg. 

124. Lay a platinum foil in a porcelain dish and place 
upon it a small fragment of metallic zinc, then add a 
solution of a stannous salt and a little HCl, and a spongy 
mass of metallic tin will be formed, which does not stain 
or adhere to the platinum foil. After the fragment of 
zinc has disappeared, add some concentrated HCl, and 
the metallic tin thus formed will readily dissolve {charac- 
teristic test for tin either as stannous or stannic com- 
pounds). 

STANNIC COMPOUNDS. 

A solution of a stannic salt may be conveniently pre- 
pared by heating a portion of the solution, employed in 
testing for stannous salts, with a little HNOg. 

125. To the solution thus obtained add HgS, and a 
yellow precipitate of stannic sulphide SnS* will be formed, 
which is^oluble in (NH4)8S. 

Note: Stannic salts behave like stannous salts with zinc 
on platinum foil, and hence this test (124) is character- 
istic for tin in stannic compounds. Stannic salts are dis- 
tinguished from stannous salts in that they do not reduce 
HgCl, to Bgfili. (See 123.) 
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SCHEME IV. 



TESTING FOB METAI^ OF GBOUP lY. 

(1) Dissolve the substance to be tested, if possible, in 
water, and to the solution add a few drops of dilute 
HNO.. 



No precipitate : 
Absence of Sb in the 

form of a tartrate. 

Proceed with the same 

solution according to (2.) 



A white precipitate : ^ 
Indication of Sb in the 

form of a tartrate. 

Ignore the precipitate 

and proceed according to 



(3.) 

If the substance to be tested is insoluble in water, dis- 
solve it in HNO, and proceed according to (2). 

(2) To the solution add HCL 



No 
precipitate : 
Absence of 
Pb. Ag, and 
Hg, as mer- 
curous com- 
pounds. Pro- 
ceed with the 
same solution 
according to 
(3.) 



A white precipitate (PbClj, AgCl or HgsCls). 
Add more water if necessary and boil: 



Precipitate 
dissolves : 
PbCl,. 
Confirm the 
presence of 
Pb by neu- 
tralizing the 
solution with 
NH4HO, add- 
ing C,H4 0, 
and finally Es 
CrA (83). 



Precipitate does not dissolve : 
Add NH4HO in excess: 



Precipitate 
dissolves com- 
pletely : 
AgCl. 
This test is 
characterise 
tic for Ag 
(76). 



Precipitate 
turns black: 
Hg,Cl,. 

This test is 
characteris- 
tic for mer- 
curous com- 
pounds (87). 
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(3) To the solution add HjS, and tbe remaining metals 
of this group will be precipitated as follows : 

AsjSa — ^yellow. 

SbaSg— orange-red. 
SnSg — ^yellow. 
SnS — brown. 
HgS— black. 
PbS— black. 
BigSa — black. 
CuS— black. 
CdS — ^yellow. 

Neutralize the free acid with NH4HO and add (NH4),S 
in excess. 



Precipitate dissolves, 

AsjSa, SbaSs, SnSs & SnS. 

Take some of the origi- 
nal substance or solution 
and test for : 

As — According to (HI) 
and distinguish As^Os 
from AsjOb according 
to (109 and 114.) 
Sb— According to (119.) 
Sn — According to (124.) 



Precipitate does not dissolve, 
HgS, Pbs, Bi^Sa, CuS, CdS. 

Take some of the origi- 
nal substance or solution 
and test for : 

Hg — ^According to (89 or 
94.) 

Pb — ^According to (84, or 
85.) 

Bi — According to (106.) 

Cu— " " (97 or 

98.) 

Cd — Cadinnum is suffi- 
ciently confirmed by 
the yellow CdS inso- 
luble in (NH4),S. 
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SEPARATION OF GROUP IV. 

Note : According to the reactions of the metals of 
this group given in the preceeding pages, they may be 
classed for convenience sake in three divisions: 

DIVISION I. 

Metals, which are precipitated by HCl, Pb, Ag and Hg 
(in mercurous compounds). 

DIVISION n. 

Metals, whose sulphides are insoluble in (NH4)8S, Hg, 
Pb, Bi, Cu and Cd. 

DIVISION ni. 

Metals, whose sulphides are soluble in (NH4)8S, As, Sb 
and Sn. 

1. To a solution of the metals of this group add HCl 
in excess and filter. 



Precipitate (A) on filter 
contains PbClg, AgCl and 
HgjCl,. 



Filtrate (B) contains 
Divisions 11 and III. (Pre- 
serve). 



2. Wash precipitate (A) on filter with hot HjO until 
nothing more dissolves. 



Solution con- 
tains PbClg. 
Confirm pres- 
ence of Pb by 
adding K^Crj 
0, (84). 



Residue contains AgCl and HgsCl». 
Treat residue on filter with NH4HO. 



Solution contains 
Ag. Confirm pres- 
ence of Ag by 
acidifying the so- 
lution with HNO„ 
which will repre- 
cipitate AgCl. 



Residue contains 
Hg. The black col- 
or of the residue 
is sufficient con- 
firmation for the 
presence of mercu- 
rous compounds. 
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8. Dilute filtrate (6) with water and pass a current 
of HtS gas through it for 10 or 15 minutes, then boil 
for a short time and finally pass a current of H,S through 
it for 10 or 15 minutes longer. Filter and test filtrate 
with HsS to see if all the metals have been precipitated ; 
if so, reject it. 

Perforate the filter with a glass rod and wash the pre- 
cipitate into a beaker, then add (NH4),S in excess. Stir 
the mixture well, allow the precipitate to subside and 
filter. 



Precipitate (C) contains 
metals of Division II, as 
sulphides. 



Filtrate (D) contains 
metals of Divisions TTT. 
(Preserve). 



4. Wash precipitate (C) two or three times with wa- 
ter to remove any soluble chlorides, perforate the filter, 
wash the precipitate into a beaker witii as little water as 
possible, then add concentrated HNO,, boil and filter. 



Hesidue on filter con- 
tains Hg asHgS. To con- 
firm the presence of Hg, 
transfer the residue into a 
porcelain dish, add a few 
drops of HCl and HNOj, 
heat and test solution with 
metallic copper (89). 



Filtrate (E) contains Pb, 
Bi, Cu and Cd. 
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5. To the filtrate (E) add NH^HO in excess and fil- 
ter. 

Precipitate contains Pb and Bi as hy- 
droxides. 

Pour some dilute H8SO4 on the fil- 
ter, and when the liquid has run 
through, wash the residue once or 
twice with a Httle water. 



Filtrate con- 
tains Cu and 
Cd. 

The blue col- 
or of the solu- 
tion is suffi- 
cient proof of 
the presence 
of copper. 

Add to the 
solution po- 
tassium cyan- 
ide KCy un- 
til the blue 
color is entire- 
ly destroyed, 
then add (N 
H4)«S, and a 
yellow precip- 
itate (CdS)wiU 
confirm the 
presence of 
cadimum. 

6. Acidulate filtrate (D) with HCl, and the metals of 
Division III will be reprecipitated as sulphides. Filter 
and dry. When dry remove the precipitate from the 
filter, and mix it in a mortar with about twice its 
weight of dry KNOs, and about twice its weight of dry 
NatCOs. Heat some ELNOs to fusion in a porcelain 
crucible, and without removing the lamp introduce 
the mixture just mentioned into the crucible little by iit- 



Besidue contains 
PbasPbS04. Put 
some NH4HO into 
a test tube, then 
add HCjHgOa in 
excess, heat the 
mixtare and pour 
it on the residue, 
to dissole the Pb 
SO4. Then test 
for Pb with K,Cr, 
O, (84). 



Sohdion contains 
Bi as Bi8(S04)8. 
Add NH4HO in ex- 
cess, filter the pre- 
cipitated Bi{H0)3, 
dissolve in the 
smallest possible 
quantity of dilute 
HCl, and add the 
solution to a large 
beaker full of wa- 
ter, which will con- 
firm Bi (106). 
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tie, by means of a spatula or knife blade. When all has 
been added, pour the fused mass into a perfectly dry por- 
celain mortar. . Pulverize finely, add H,0 filter and 
wash. 

Residue contains Sb as Na4SbsOT and 
Sn as SuOj. Pour on the filter a hot 
solution of tartaric acid and wash. 



Residue contains 
Sn. Pour on the fil- 
ter a hot solution of 
NaHO to dissolve 
the SnOa, acidulate 
the solution with 
HCl and confirm 
the presence of Sn 
according to (124.) 



Solution contains 
Sb. Confirm the 
presence of Sb ac- 
cording to (119). 



Filtrate con- 
tains As as N 
a8As04. Con- 
firm presence 
of As by ad- 
ding to the so- 
lution a mix- 
ture of MgS04 
NH4CI and N 
H4HO, which 
will precipi- 
tate white Mg 
NH4As04(116) 



ACIDS. 



INORGANIC ACIDS. 



GROUP I. 

Acids, whose combinations eflfervesce or yield a char- 
acteristic gas when treated with dilute HCl, in the cold 
(HjCOs, H,S, H,SO„ HjSsOa, HCIO and HNO,). 

CARBONIC ACID HsCOa. 

126. Introduce into a test tube any carbonate as Ca 

COg or NajCOg and add dilute HCl, and CO, will be 
evolved with effervescence. This gas is colorless and is 
distinguished from the other members of this group in 
being odorless. 

127. Close the test tube in which COj is evolved as 
above with a stopper provided with a delivery tube and 
conduct the gas into a small beaker containing some 
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dear lime water, and a white precipitate of CaCOs will 
be formed {characteristic test). 

HYDROSULPHUBIO AOID HjS. 

♦ 

Note : The sulphides of the alkalies, the alkaline 
earths as well as those of iron, manganese and zinc are 
decomposed by dilute HCl with evolution of HjS. All 
other sulphides yield HgS with dilute HCl after fusion 
with NagCOj in a porcelain crucible owing to the forma- 
tion of Na^S. 

128. Introduce into a test tube some FeS or (NH4)3S, 
then add dilute HCl, and HgS will be evolved with effer- 
vescence, having the characteristic odor of rotten eggs. 

129. Cover the mouth of the test tube, in wliich HjS 
is evolved, with a piece of filter paper, moistened with a 
solution of Pb(C8H802)2, and the paper will be stained 
black, owing to the production of PbS [characteristic 
test]. 

SULPHUROUS ACID H9SO3. 

130. To a strong solution of a sulphite as NajSOs add di- 
lute HCl and SOj will be evolved with slight effervescence, 
having the pungent and suffocating odor of burning sul- 
phur, while the solution remains perfectly clear (charac- 
teristic test), 

131. To a solution of a sulphite add BaCla and a 
white precipitate of barium sulphite BaSOg will be 
formed. Next add dilute HCl, and the precipitate wiU 
dissolve. To this solution add a few drops of HNO» 
and heat, and a white insoluble precipitate of barium 
sulphate BaS04 will be formed. This latter precipitate 
results from the oxidation of the HjSOg to H9SO4 by the 
HNOt. In the place of HNOs other oxidizing agents as 
Br or CI may be employed. 
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THIOSULPHUBIO AOlD HsSsOf 

132. To a solution of a thiosnlphate (hyposulphite) 
as NajSjO, add dilute HCl, and SOj will be evolved, v^hile 
at the same time the liquid becomes turbid or white from 
the separation of free sulphur. The separation of free 
sulphur distinguishes HgSsOs from H^O,. 

HYPOOHLOROUS ACID HCIO. 

133. To a solution of a hypochloric as'Ca(C10)8 add 
dilute HCl, and chlorine gas will be evolved, which may 
be recognized by its odor. 

134. Introduce into a solution of a hypochlorite a 
piece of litmus paper, and it will soon become bleached 
white {characteristic test). 

The bleaching is accelerated by the addition of some 
dilute HCl or other acid. 

NITROUS ACID HNOg. 

135. To a solution of a nitrite as KNO9 ^^^ dilate 
HCl, and nitrogen dioxide will be evolved. ,0n coming 
in contact with the oxygen of the air it oxidises to nitro- 
gen trioxide and tetroxide. which are revealed by their 
characteristic odor and reddish-brown fumes. 

136. To a cold solution of a nitrite add acetic acid 
HCsHgOs and then a cold solution of ferrous sulphate 
reS04, and a dark brown coloration will be produced, 
caused by the absorption of NO in the ferrous sulphate 
solution {characteristic ted). 

GROUP n. 

# 

ACIDS, WmOH YIELD PRECIPITATES WITH BaCL} INSOLUBLE IN 

HCl (H,S04 and HsSiFe). Only the former of these 

ACIDS NEED BE STUDIED HERE. 

« 

SULPHURIC ACID H,S04. 

137. To a solution containing free H^SO^ or a soluble 
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fiolphate add BaCls, and a white precipitate of barium 
sulphate BaS04 will be formed, which is insoluble ia HCl 
or other acids {characteristic test), 

138. To a solution containing free H3SO4 or a sul- 
phate add Pb(C8H808)8, and a white precipitate of lead 
sulphate EbS04 will be produced. 

GEOUP ni. 

ACIDS, WHICH AKE PRECIPITATED BY A SOLUTION OF CALCIUM 
SULPHATE CASO4 ON ADDITION OF NH4HO (H8PO4, HgSiOg, 
HAO4 AND HF). 

PHOSPHORIC ACID H3PO4. 

139. To a neutral or alkaline solution of a phosphate 
as Na2HP04 add CaS04, and white gelatinous precipitate 
of calcium hydrogen phosphate CaHP04 will be produced, 
which is soluble in acetic acid. 

140. To a neutral or alkaline solution of a phosphate 
as Na9HP04 add BaCU and a white precipitate of BaHP 
O4 will be formed, soluble in HCl. 

141. To a solution of ammonium moljbdate (NH4)j 
M0O4 in nitric acid add a drop or two of a sohition of a 
phosphate as NasHP04, and either at once, or on warm- 
ing gently, a yellow precipitate will be formed {character* 
istic test). 

N6te : In testing an unknown solution for phosphoric 
acid if the first drop or two added do not produce a pre- 
cipitate in a short time on warming gently, then more 
of the solution may be added. It is necessary, however, 
to bear in mind, that the solution to be tested must be 
added drop by drop'to the solution of ammonium molyb- 
date, since the yellow precipitate is soluble in phospho- 
ric acid, and is formed only when the ammonium molyb- 
date is in large excess. 



46 QtJALITATiyE ANALYSIS. 

142. To a solution of a phosphate as Na,HP04 add a 
mixture of MgS04, NH4CI and NBCiHO and a white pre- 
cipitate of ammonium magnesium phosphate MgNH4P04 
will be formed {characteriMic test in the absence of arsenic 

acid,) 

siLioic ACID HgSiO,: 

143. To a neutral or alkaline solution of a silicate as 
Na,SiOs add CaS04, and a white gelatinous precipitate of 
CaSiO, will be formed, which readily dissolves on addi- 
tion of HCfHsOs in excess. 

144. To a solution of a silicate as Na,SiO, add HOI 
in excess and evaporate to dryness on a water bath, then 
moisten vdth HCl and add HsO, and Silica 6iOs will re- 
main as an insoluble white powder {characteristic test). 

OXALIC ACID HjCj04. 

145. To a neutral or alkaline solution of an oxalate 
as (NH4)aC904 add CaS04, and a white pulverulent precipi- 
tate of calcium oxalate CaCs04 will be formed, which 
remains undissolved on addition HCsHtO}. 

146. To a solution of oxalic acid or an oxalate, or to 
a mixture of the solid substances with a little water, add 
manganese dioxide MnO„ and then a few drops of con- 
<5entrated HsS04, and COj will be given off with efferves- 
cence {characteristic test). 

HYDROFLUORIC ACID HF. * 

147. To a solution containing HF or a fluoride add 
OaS04 and then NH4HO in excess, and a transparent 
gelatinous precipitate of calcium fluoride CaFs will be 
formed, which remains undissolved on adding HCtH,0^ 
in excess. 

148. Mix some finely powdered fluoride as CaFt in a 
platinum or injured porcelain crucible to a thin paste 
with concentrated HsS04 and cover the crucible with a 
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watch glass, whose convex surface has been coated with 
paraffine or bees-wax, and partially laid bare by drawing 
lines through the coating with a sharpened lead pencil. 
In half an hour or more, especially if the crucible be 
gently warmed, on removing the paraffine, the lines will 
be found etched into the glass {characteristic test.) 

GKOUP IV. 

ACIDS WmOH ARE PRECIPITATED BY Ag^NOg AFTER THEIR SOLU- 
TIONS ARE ACIDIFIED WITH HNOa, BUT ARE NOT PRECIPITATED 

BY BaClj or CASO4 (HCl, HBr, hi, HCy, Hg FBCYe 

AND H4FECY6). 

hydrochloric acid HCl. 

149. To some HCl add MnOs and heat, and chlorine 
gas CI will be evolved, which may be recognized by its 
odor and by bleaching a piece of moistened Utmus paper 
held in the gas {characteristic test). 

150. To any chloride (excepting chloride of silter, 
lead, mercury and tin), add strong H9SO4 and MnOj and 
heat, and CI will be evolved as in 149. 

151. To a solution containing HCl or any chloride as 
NH4CI add AgNOj, and a white precipitate of AgCl will 
be produced, which is insoluble in HNO3, but readily 
soluble in NH4HO. On exposure to light the precipitate 
turns violet and finally black. 

' 152. To HCl or a solution of a chloride (not too 
dilate) add Pb( 03303)9, and a white precipitate of Pb 
01, vnll be produced. 

HYDROBROMIG ACID HBr. 

153. To a bromide, as KBr, add strong Hg SO4 and 
MnOg and heat, and reddish-brown fumes of Br will be 
evolved, having a suffocating odor resembling chlorine. 
Close the mouth of the test tube with a piece of filter 
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paper covered with moistened starch, and the starch will 
be colored orange-red (charaxiieridic test). 

154. To a solution of a bromide as KBr add AgNO^ 
and a yellowish-white precipitate of AgBr will be formed, 
which is insoluble in HNOa, but soluble in NH4HO, less 
readily, however, than the corresponding precipitate of 
AgCl. It blackess on exposure to light. 

155. To a solution of a bromide as BKr add Pb(C2H^ 
02)2, and a white precipitate of Pb Brj will be pi'oduced. 

HYDBOIODIO ACm HI. 

156. To an iodide as K I add strong Hj SO4 with or 
without MnOj, and free iodine will be eliminated in the 
form of a dark brown powder wiih a characteristic odor 
resembling chlorine. On heating the test tube will be 
filled with beautiful violet-blue vapor of iodine. Close 
the mouth of the test tube with a piece of filter paper 
covered with moistened starch and heat so that the vapor 
will come in contact with the starch, and it will be 
colored blue {characteristic test), 

157. To a solution of an iodide as KI add Ag NO,, 
and a yellowish-white precipitate of Ag I will be formed, 
which is insoluble in HNOg and only very sparingly sola- 
ble in NH4HO. 

158. To a solution of an iodide as K I add Pb(C9H, 
02)2, and a bright yellow precipitate of Pb I2 will be 
formed. 

HYDROCYANIC ACID HCy. 

159. Place into a porcelain dish a small quantity of a 
solution containing HCy, or a soluble cyanide as KCy, 
add a few drops of yeUow (NH4)2S and digest on a water 
bath until the (NH4)2S is destroyed, then acidulate with 
H CI and add Fe2 Cle, and a blood red solution of ferrio 
sulphocyanide Fe2{CyS)e will be formed {characteristic 
test). 
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160. To a solution containing H Cy or a cyani<Je as 
K Cy add AgNO, in excess, and a white precipitate of 
AgCy will be formed, which is insoluble in HNOj, but 
soluble in KCy and in NH4HO. 

HYDROFERRICYANIC ACID Hj Fc Cye- 

161. To a solution of a ferricyanide as Kg FeCye add 
a solution of a ferrous salt as Fe SO4, and a dark blue 
precipitate of ferrous ferricyanide Feg^FeCyg), (Prussian 
blue) will be formed (characteristic test), 

162. To a solution of a ferricyanide as K, FeCye add 
Ag NOg, and an orange-yellow precipitate of silver ferri- 
cyanide Agg FeCye will be formed, insoluble in HNOg, 
but soluble in NH4HO. * 

HYDROFERROCYANIO ACID H^FeCy^. 

163. To a solution of a ferrocyanide as K4F8Cy6 add 
FejCl«, and a dark blue precipitate of ferric ferrocyanide 
Fe4(FeCy6)g will be formed {characteristic test), 

164. To a solution of a ferrocyanide as K4FeCye add 
Ag NOg, and a white precipitate of silver ferrocyanide 
Ag4FeCyi will be formed, insoluble in HNOg and in NH4 
HO. , 

GROUP V. 

ACIDS, WHICH ABE KOT DETECTED IN EITHER OF THE FOREGOINa 

GROUPS (HNOg, HCLOg, HBOa, H8CRO4 and HC^HgO,). 

NITRIC ACID HNOg. 

165. To a solution of a nitrate as KNOg add an equal 
bulk of concentrated H9SO4 and cool the mixture ; then 
incline the test tube and pour carefully into it a cold so- 
lution of ferrous sulphate FeS04. Where the two layers 
of liquid meet a dark brown ring will appear, formed by 
the absorption of nitrogen dioxide NO in the ferrous 
Bulphate solution {characteristic tesf]. 
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166. Heat a small fragment of a nitrate as KNOs on 
charcoal before the blowpipe, and deflagration will en- 
sue, i. e.: the surface of the charcoal will be violently at- 
tacked by the fused nitrate, the oxygen of the nitrate 
barning the carbon to COj. 

GHLOBIO ACID HClOs. 

167. Place a small fragment of a chlorate as KCIO, 
into a test tube and pour upon it some concentrated H, 
SO4. The acid speedily assumes a reddish-yellow color 
and on shaking a yellow gas, chlorine tetroxide CI8O4 is 
given oflf, having an odor resembling chlorine. On gently 
heating the mi:^ure crackling sounds will be produced, 
caused by slight explosions of gaseous CI8O4 [characteris- 
tic test]. 

Note : In making this experiment a smaU fragment of 
the chlorate only should be used and the mouth of the 
test tube should be held away from the experimenter, to 
avoid the possible danger of the hot acid being thrown 
upon him. 

168. Heat a small fragment of a chlorate on char- 
coal before the blowpipe, and deflagration will take 
place. 

BOBIC ACID HBOs* ^ " 

169. Mix in a porcelain dish any borate as Na^B^Of 
with concentrated H3SO4, then add alcohol and after 
stirring the mixture ignite the alcohol and it will bum 
with a green flame, due to the volatihzation and ignition 
of the boric acid {characteristic test), 

OHBOMIC ACID HsCE04. 

170. To a solution of a chromate as EsCr,0, add Pb 
(CtHsOs)! and a bright yellow precipitate of lead chro- 
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mate PbCrO* will be produced, insoluble in HCjH,Ot 
(characteristic test) . 

171. To a solution of a chromate as KjCraOT add HCl 
and HjS, and the reddish-yellow solution will turn green, 
owing to the reduction of the chromic acid to a chromic 
salt, while at the same time free sulphur separates, ren- 
dering the liquid turbid. 

On account of^ this behavior with HgS, chromates will, 
in the ordinary course of analysis, yield a precipitate of 
Cr8(HO)6 in the (NH4),S group of the metals. 

ACETIC ACID HCgHsOj. 

172. To any acetate as NaOsHgO^ add concentrated Ht 
SO4 and about an equal bulk of alcohol, and on heating 
the mixture acetfixj ether C2H5C2H8O2 will be produced 
which is recognized by its agreeable, fruity odor {charac- 
teristic test), ^ 

II. OBQANIG ACIDS. 

(HjCA, HCjHjOj and H2C4H40e) 

Note : The combinations of these acids burn when ig- 
nited in the air and yield residues, which are charred 
I. e., blackened by separation of carbon. In regard to 
oxalic acid H9C9O4 and acetic acid HCsHgOs this test may 
in some cases be overlooked ; and hence these two acids 
have been considered in the proper groups of the inor- 
ganic acids. 

OXALIC ACID H8C9O4. 

-(See 145 and 146). 

ACETIC ACID HCsHjOs. 

(See 172). 

TABTABIC ACID H,C4H40e. 

173. Heat some tartaric acid or a tartrate as KHC4 
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HiOe on the lid of a porcelain crucible, and it will char^ 
while at the same time the odor of burnt sugar will be 
evolved {characteristic test), 

174. To a solution of ferric chloride FejCl* add tar- 
taric acid or a tartrate in sufficient quantity and then 
INH4HO in excess, and no precipitate of ferric hydroxide 
will be formed {characteristic test). 

SCHEME V. 

TESTING FOB ACIDS. 

(1) Heat a small portion of the dry substance on a 
porcelain lid in the flame of a Bunsen burner. 
It chars or bums : Presence of organic acids. 
Test for tartaric acid according to 173 and 174. 



(( 


" oxalic 


(( 


C( 


" 146. 


(( 


" acetic 


cc 


(( 


" 172. 






(2) To a portion of the solution^ or of the dry sub- 
stance add dilute HCl. 

A GAS IS EVOLVED : GROUP I. 

Test for HjCOs according to 126 and 127. 
" H,S " " 128 and 129. 

" HaSOg " " 130 and 131. 

H^SA " " 132. 

" " HCIO " " 133 and 134. 

« " HNOs " " 135 and 136. 

(3) To a portion of the solution add a few drops of 
BaClfi and then HCl in excess. 

A WHITE RESIDUE REMAINS : GROUP II. HsSOa. 

(4) To another portion of the solution add HNOj, 
CaS04 and then NB[4H0 in excess. 

A PRECIPITATE IS FORMED: GROUP HI. 

Add HCjHsOj in excess. 

The preeipitaie dissolves : H, PO4 and Hj^SiOj. 
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Test for Hj PO4 according to 141 and 142. 

" " Hs SiO, " " 144. 

The precipitate does not dissolve : H8C8O4 and HF. 
Test for H8C,04 according to 146. 

" " HF " " 148. 

(5) To another portion of the solution add HNO, and 
AgNO,. 

A PRECIPITATE IS FORMED: GROUP IV. 

Add NH4 HO in excess. 

The precipitate dissolves : HCl, HBr, HCy, HjFeCy*. 
Test for H CI according to 150. 
" " HBr " " 153. 

" " H Cy '' " 159. 

" " HgFeCye " " 161. 

The precipitate does not dissolve : H I and H4FeCy«. 
Test for H I according to I06. 
" " H4FeCy6 according to 163. 

(6) There still remain to be tested the acids of 
Group V. 

Heat a small quantity of the dry substance on char- 
coal before the blowpipe. 

Dejlagration takes place : H NO3 and HCIO3. 
Test for H NOs according to 165. 
" " H CIO3 " " 167. 

No deflagration takes place : H BOj, H8Cr04 and H C, 

Ha Og. 

Test for H BO2 according to 169. 
" " H8Cr04 " " 170. 

" " H CsHsOg " " 172. 

(7) If no acid has been detected, the substance is an 
oxide or hydroxide. 
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ANALYSIS OF SUBSTANCES. 

I. SIMPLE SUBSTAKOES, I. E., SUBSTANCES GONTAINING ONE BASK 
AND ONE ACID— (a) SUBSTANCES SOLUBLE IN WATEB — DETEC- 
TION OP THE BASK. 

(1) Treat a solution of the substance in water accord- 
ing to Scheme IV, (1), (2) and (3). 

(2) If no precipitate is formed (absence of metals of 
Group rV), add NH* 01, then NH4 HO until, after shak- 
ing, the solution smells of ammonia, and finally (NH4)9S- 
If a precipitate is formed proceed according to Scheme 

m. 

(3) If no precipitate is formed (absence of metals of 
Group ni), add (NH4)8GO, to the same solution. A 
white precipitate indicates Ba, Sr or Ca. Proceed accord- 
ing to Scheme II. 

(4) If no precipitate is formed, add to the same solu- 
tion NajHP04- A white precipitate proves the presence 
of Mg. 

(5) If no precipitate is formed, the base is either K, 
Na or NH4. Proceed with the original substance accord- 
ing to Scheme I. 

DETECTION OF ACIDS. 

After the base has been determined, a glance at Table 
m will show what acids are to be looked for. 

(1) If the base belongs to Group I any one of the- 
acids, which have been considered here may be present, 
fidnce the metals of Group I, as shown by the table, form 
soluble compounds with all of i^em. Proceed for the 
detection of the acid according to Scheme V. 

(2) If the base belougs to either Group 11, Group lU 
or Group IV, the acids of Group HI can not be present, 
and hence test (4) of Scheme Y may be omitted entirely. 
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So also the test for H2C4H40e may be omitted except in 
case of those compounds mentioned in the margin. 

In like manner many other acids are shown to be 
absent. 

TABLE III. 

SHOWING THE SOLUBILITY OF SALTS IN WATER. 



AOIDS. 


GR.L 

Sol. 


GB. II. 


GR. III. 


GR IV. 


H3(J4Jti406 


Ins. 


Ins.* 


Ins.* 


iL^G^^^ 


Sol. 


Ins. 


Ins. 


Ins. 


Hf!,HA 


Sol. 


Sol. 


Sol. 


Sol. 


H,CO, 


Sol. 


Ins. 


Ins. 


Ins, 


H,S 


Sol. 


Sol. 


Ins. 


Ins. 


H,SO, 


Sol. 


Ins. 


Ins. 


Ins. 


H3S3O3 


Sol. 


Sol. 


Sol. 


Sol. 


HCIO 


Sol. 


Sol. 


Sol. 


Sol. 


HNOa 


Sol. 


Sol. 


Sol. 


Sol. 


H3SO4 


S©1. 


Ins.* 


Sol. 


Sol.* 


H3PO4 


Sol. 


Ins. 


Ins. 


Ins 


H;SiO, 


Sol. 


Ins. 


Ins. 


Ins. 


HF 


Sol. 


Ins. 


Fns. 


Ins.* 


HCl 


Sol. 


Sol. 


Sol. 


Sol.* 


HBr 


Sol. 


Sol. 


Sol. 


Sol.* 


HOy 


Sol. 


Sol. 


Ins. 


Ins.* 


HaFeCye 


Sol. 


Sol. 


Ins. 


Ins. 


HI 


Sol. 


Sol. 


Sol. 


Sol. 


H^FeCye 


Sol. 


Sol.* 


Ins. 


Ine. 


HNO, 


Sol. 


Sol. 


Sol. 


Sol. 


HBO, 


Sol. 


Ins. 


Ins. 


Ins. 


H,Cr04 


Sol. 


Sol.* 


Ins.* 


Ins.* 


H3A8O3 


Sol. 


Ins. 


Ins. 


Ins. 


HsAsO* 


Sol. 


Ins. 


Ins. 


Ins. 





Sol. 


Sol.* 


Ins. 


InF. 


HO 


SoL 


Sol.* 


Ins. 


Ins. 



REMARKS. 



r Fe«(C4H40«)8 
MnC4H406 
CoC4H40« 
SnC4H406 

[ SbO) AH40e J 



Solu- 
ble. 



j Mg SO4 Sol. Ca SO4 
"|Spar.SoLPbS04ln8. 



AgF andHgFs soluble, 
AgCl and Hg^Clj Ins. 
AgBr.HgsBrsPbBrsIns 
HgCys soluble. 

Agl, Hgl, HgA Pbl,, 

BiJa, Ins. 
BajFeCye Insoluble. 
Basic nitrate of Bi Ins. 

Ba Cr04 Ins, Zn Cr04 
and CuCr04 Sol. 



MgO Insol. 
Mg(H0)9 Insoluble. 
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(b) simple substances insoluble in WATEB, but soluble OB 

DECOMPOSED BY ACIDS. 

Under this head are included all those combination s, 
which are shown in Table III to be insoluble in water, 
with the exception of those treated of under (C.) 

detection of the BASE. 

(1) Pulverize the substance finely in a mortar and 
treat a portion of it with co«centrated HNOg applying 
heat if necessary. If it dissolves proceed with the solu- 
tion according to the directions given under (A) for the 
detection of the bases of Group FV. (If insoluble in 
HNOs proceed according to (9). 

(2) In case no metal of Group IV is present, the next 
step is to test for metals of Group III by adding to the 
same solution NH4CI, NH4 HO and (NH4)8S. By refer- 
ring to Table HI it will be seen that H3PO4, HAO4, H, 
SiOa, H BOj and HF form compounds with the metals 
of Group n, which are insolHble in water. These com- 
pounds all dissolve in HNO3 (the fluorides with difficulty) 
and are reformed, when the acid is neutralized byNH4HO 
and consequently the precipitate produced by (NH4)sS 
may either be caused by a metal of Group III or it may- 
be a phosphate y oxalate^ silicate, borate , ox fluoride pf calcium, 
barium, strontium or magnesium. 

If the precipitate is blacky so as to leuve no doubt that 
it is either FeS, CoS or NiS, it will be sufficient to test 
for these metals according to Scheme III, since only one 
base need here be looked for. 

If however the precipitate is light, it will be necessary to 
insure the absence of the acids mentioned above, before 
any farther tests can be made in a satisfactory manner. 
For this purpose proceed as follows: 

(8) Heat another portion of the original powder to 
dull jedness in a porcelain crucible. This will destroy 
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oxalic acid. Transfer the residue into a porcelain evapo- 
rating dish, add a large excess of concentrated HCl and 
evaporate to dryness on a water bath. By this operation 
HF and HBO2 if present will be volatilized. Moisten 
the residue with H CI, add water, and if all dissolves, 
proceedaccordingto (7). If a white insoluble powder 
remains it is silica. Filter. 

(4) To the filtrate add NH4CI, NH4HO and (NH4)8S. 
If a precipitate is formed it is either Als(H0)6, Cr8(H0)« 
MnS or ZnS. Test according to Scheme HI. 

(5) If no precipitate is formed, add to the same so- 
lution (NH4)3C08. If a precipitate is formed proceed ac- 
cording to Scheme 11. 

(6) If no precipitate is formed by (NH4)aC08 add to 
the same solution Na8HP04. A white precipitate proves 
the presence of Mg. 

(7) In case no silica was detected above H3PO4 may 
still be present. Proceed as follows : 

To the solution add NagCOg until the last drop or two 
cause a permanent precipitate, then add some HCgHjOg 
and finally NaCgHgOj ii;i excess and boil. If a precipi- 
tate is formed, it is Al2(H0)«. Test according to (44). 

(8) If no precipitate is formed, allow the liquid to 
cool, add FejCle until it becomes colored red, then boil 
and filter. Reject the precipitate, which contains any 
H8PO4 present, and proceed with the filtrate as above (4), 
(5) and (6), bearing in mind, that Al has been shown to 
be absent (7). 

(9) If the substance does not dissolve in HNOs, heat 
another portion with concentrated HCl (If it does not 
dissolve proceed according to (10) ). The most common 
substances, which are insoluble in HNOs, but which will 
dissolve in HCl, are : 
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6B0UP ni. 

MdO,— black— evolves CI witb hot HCl. 
FejOs — ^r©d to black — dissolves also in HNOj. 
A1,0, — white — dissolves also in HNO,. 

GROUP IV. 

PbOs — ^black — evolves CI and is converted into white 
PbCl,. 

2PbO, PbOg — ^red — evolves CI and is converted into white 

PbCl,. The PbO dissolves in HNO, and 
black PbOj remains. 

PbS04 — white — This compound is also treated of under 
(C), but it dissolves in a large excess of hot 
HCl, and the solution on cooling deposits white 
crystals of PbClf 

SbjOs — white. 

SbjOs — white. 

If the solution gives no indication of Pb through the 
separation of PbCls add H,S and proceed according to 
the direction^ given under (A). 

(10) If the substance is insoluble in HN08(1) as well 
as in HC1(9) mix the contents of the two test tubes and 
heat. This mixture wiU yield nitro-hydrochloric acid. 
The only compound which will dissolve in nitro-hydro- 
chloric acid after withstanding the action of HNO« and 
HCl separately, is mercuric sulphide HgS either red as 
vermilion or cinnabar, or black as obtained by precipita- 
tion with HjS. 

Proceed with solution according to the directions 
given under (A). 

If the substance fails to dissolve in nitro-hydrochloric 
acid, pass on to (C). 
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DETECTION OF THE* ACID. 

(1) Proceed for the detection of the acid according ta 
Scheme V. 

Note 1, COg and HjS may already have been de- 
termined in testing for the base. 

Note 2. If the substance is soluble in HNO3, the 
presence of H«S04 may be due to a sulphide, v^hich is 
oxidized to a sulphate by the HNOg. K the base be- 
longs to Group IV, the sulphide will be insoluble in HCl 
and hence in order to determine whether the substance 
is a sulphide a small portion of it must be fused with 
about twice its weight of NagCOg in a porcelain crucible. 
By this means NagS is formed, which will evolve HaS 
when treated with HCl (128 and 129). 

Note 3 If the base be Pb, Ba or Sr it will have to 
be removed before test (4) can be applied, since these 
metals would be precipitated by CaS04 as sulphates^ 
So also the metals of Group III and Group IV must be 
removed, since they are precipitated as hydroxides by 
NH4HO and would thus interfere with the test. The re- 
moval of these bases is best accomplished by boiling tlie 
solution of the substance with an excess of NajCOs, fil- 
tering and employing the filtrate for making the test, 
after decomposing the excess of NagCOs with HNOj. 

(c) SIMPLE SUBSTANCES INSOLUBLE IN ACIDS. 

(1) The substances coming under this head are as 
follows : 

GROUP II. 

BaS04 — white. o 

SrS04— white. 

CaS04 — white — sufficiently soluble in water to yield sat- 
isfactory tests for Ca and HaS04. 
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. GBOUP in. 

CrA— green. 

FejOs — ^red to black — when strongly ignited or in 8ome 

form of minerals as specular iron ore. 
A1,0, — white — ^when strongly ignited or in some form of 

minerals. 

GBOUP IV. 

PbS04 — white — ^soluble in a large excess of hot HCl. 
PbClj — ^white — soluble in a large excess of hot HOI or 

water. 
Pblj — yellow. 

AjgCl — ^white — turns dark on exposure to light. 
AgBr — ^yellowish — turns dark on exposure to light. 
Agl — ^yellowish — turns dark on exposure to light. 
SnOj — white. 

Also the following : 
SiOo — white. 

S — yellow — burns to SOj, when heated in the air. 
O — black — burns up when heated on platinum foil in the 
air. 

(2) Before substances of this class can be subjected 
to the systematic course of quahtative analysis, they must 
be rendered soluble. This is accomplished by fusion with 
NajCOs either in a porcelain or platinum crucible. 

A prehminarj'' examination, however, must precede the 
fusion, in order to determine if any reducible metals are 
present. For this purpose, heat a small portion o{ the 
substance on charcoal before the blowpipe with NajCO,. 
If metallic globules are formed a porcelain crucible must be 
employed. If no metalliG globules are formed a platinum 
crucible may4)e used. 

(8) Mix a portion of the substance in a porcelain or 
platinum crucible, as the case may be, with about four 
times its weight of NasCOj and heat to fusion, if neces- 
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sary over the flame of a blowpipe. Place the crucible 
with the fused mass into a beaker with water and allow 
to digest until the mass has disintegrated. Then Alter 
and wash. The filter will contain the base; the. filtrate 
will contain the acid. 

(4) Dissolve the residue on the filter in HNOs, and 
proceed for the detection of the base according to the 
directions given under (A). 

(5) Proceed with the filtrate for the detection of the 
acid according to Scheme V, (3), (4) and (5). 

II. ANALYSIS OF COMPLEX SUBSTANCES. 

(1) The analysis of complex substances is conducted 
in essentially the same manner as the analysis of simple 
substances. 

When a precipitate is formed by a group reagent, how- 
ever, it must be treated according to the directions given 
for the separation of that group, since more than one 
member of each group may be present. The reagent in 
each case must be adaed in excess to insure the complete 
precipitation of that group before filtering. The filtrate 
must be preserved for the next following group. 

(2) If the substance is soluble in water no further 
directions need be given; but if it is insoluble, or only 
partly soluble in water, but dissolves in acids the separa- 
tion of Group in must be slightly modified, on account 
of the possible presence of oxalates, phosphates, borates,, 
&c., of the alkaline earths. 

After filtering oflf the metals of Group TV or proving 
their absence, the solution or filtrate is evaporated to 
dryness, and heated to dull redness, to destroy C9H, O4 
and expel HBO3. Residue is moistened with HCl, treated 
with water and filtered if any SiO, is present. 

To the solution add NH4HO and (NH4),S and filter. 
Preserve filtrate. 



.62 QUALITATIYB ANALYSIS. 

Proceed with the separation of the group according to 
the direction given until the manganese has heen precip- 
itated or proved to be absent. The solution may now 
contain not only Zn, but phosphates of the alkaline 
earths. Before proceeding further add FcjCle to the 
solution until it is colored slightly red, and boil. Filter 
off the precipitate, which will contain any H8PO4 and re- 
ject it. 

Next test for Zn with (NH4)9S> and if any precipitate is 
formed, filter and add the filtrate to the one preserved 
above. 

(2) Proceed with the united filtrates according to the 
directions given for the separation of Group II. 

(4) The acids are detected according to Scheme V, 
following the directions given for simple substances. 

ANALYSIS OF ALLOYS. 

(1) In alloys only the metals of Group IV and Group 
in ^need to be looked for. Place a small portion of the 
alloy to be examined in a porcelain dish, add concen- 
trated HNOt and evaporate to dryness on a water bath, 
moisten the residue with a few drops of HNOs, add water 
and if a white powder remains undissolved, filter and 
proceed with the filtrate in the usual manner for the 
detection of the metals of Groups IV and III with the 
exception of Sn and Sb, 

(2) The white insoluble powder may consist of SnO^ 
and SbsOs. Treat on the filter with a hot solution of tar- 
taric acid, and confirm the presence of antimony in the 
solution according to (119). 

Treat the residue if any with hot NaHO, accidulate 
with HCl and test for Sn according to (124). 
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